Research Horizons Day
April 7, 2015

Hyperbolic Metamaterial for Optical
Antireflection Coating
Wonkyu Kim
Department of Electrical and Computer Engineering
Overview

Hyperbolic Metamaterial

We investigated a hyperbolic metamaterial
structure for polarization-selective optical
antireflection using FDTD simulations, consisting
of a one-dimensional gold nanograting on top of
germanium substrate. The structure exhibits
dielectric property in the direction of TM
polarization and metallic property in the other
two directions. As a result, it blocks TE-polarized
wave but transmits TM-polarized wave to 93.2%
and reduces reflectance to 0.3%. Such simple
hyperbolic metamaterial can be potentially
applied to polarization-selective antireflection
coatings.

Metamaterial
Optically homogeneous
medium consisting of
subwavelength elements
Hyperbolic metamaterial
One kind of metamaterial
having (+) permittivity in one
direction and (-) permittivity
h
in other direction.
Optimized dimensions
p = 400 nm, h = 1100 nm
w = 212 nm (f = 0.53)

Key Findings
Effective permittivity in x
1

 xx



f

m



E
k

w
z
Au

p

y
x

Germanium substrate

Explanation

Effective permittivity in y and z
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Dielectric property

Grating period: p
Grating width: w
Grating height: h
Fill factor: f = w/p
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Effective medium
Germanium substrate

Transmittance

• The hyperbolic metamaterial exhibits dielectric property
in x direction and metallic property in y and z direction,
transmitting only TM-polarized wave.
• Optimum region for high transmission and low reflection
exists for fill factor and period.
• In transmission and reflection plot, linear dependence on
grating height shows Fabry-Perot resonance.
• Incident light excites surface plasmon wave on top of the
grating, propagating downward. At the bottom of the
grating, surface plasmon wave transforms back to optical
wave, propagating to germanium substrate.

Reflectance

Impact
The metamaterial structure consists of a single grating
layer, which is easy to fabricate by standard lithography
technique so reduces manufacturing cost. Furthermore,
germanium substrate can be used for propagation of
infrared light for its transparency. Therefore, this structure
can be applied to devices requiring antireflection coating in
infrared(IR) regime, such as IR lense and optical sensors.
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